ABSTRACT This paper will assist engineering educators around the world to prepare graduates that can contribute to a number of the grand challenges for engineering. Responding to the understanding that it will be critical that engineering educators evolve curricula and pedagogy to meet new demands of the 21st century, the paper focuses on preparing graduates to assist society to respond to climate change. Based on the 2014 book, 'Higher Education and Sustainable Development', the paper outlines the first comprehensive model for achieving program wide curriculum renewal to embed sustainability topics into higher education. Examples of each aspect are drawn from efforts to embed energy efficiency into engineering programs. This model has been trialled in a number of universities and peer-reviewed by over 70 leaders in engineering education. The paper presents a strategic and optimistic approach to engineering education curriculum renewal that will provide a valuable tool for engineering education around the world. The paper overviews a model for rapid curriculum renewal, including a focus on six core elements: 1) Developing a curriculum renewal strategy. 2) Identifying graduate attributes. 3) Mapping learning pathways. 4) Auditing learning outcomes. 5) Develop and update curriculum, and 6) Implement program. The purpose of the paper is to provide academic staff with an overview of tools and insights to rapidly align program offerings with the needs of present and future generations of engineering students.
INTRODUCTION

On 23
rd September 2014, in New York City, the Special Envoy of the President of the Peoples Republic of China and Vice Premier of the State Council of China addressed the United Nations Climate Summit, an address that would send a ripple across the world. In his speech Zhang Gaoli outlined China's official position on its response to the now strong global call to reduce greenhouse gas emissions. According to Mr Gaoli, 'China is a developing country with 1.3 billion people, faces a daunting task of growing the economy, improving people's lives and protecting the environment'. 1 The address reported the creation of a nation climate change program in China that has set the goal of achieving a reduction in greenhouse gas emissions by 40 to 45 percent by 2020, compared with 2005 levels. This is the most ambitious greenhouse gas reduction target of any country in the world and signals an enormous change in the way China will operate its economy. Although it is a very ambitious target there is a high likelihood that it will be achieved given in 2013 China had reduced emissions by 28.5 percent, with Mr Gaoli pointing out that this was equivalent to 'a reduction of 2.5 billion tons of CO 2 emissions'.
Given that greenhouse gas emissions are predominantly created by electricity generation and fuel consumption in order to achieve such targets China will need to involve its engineers, whilst rapidly renewing undergraduate engineering programs to include aligned knowledge and skills for its some 600,000 engineering graduates each year. 2 India also produces a high number of engineering graduates, in the order of 350,000 per year, 2 and has set the goal of achieving a 20-25 percent reduction in greenhouse gas emissions by 2020 compared to 2005 levels. According to the World Resources Institute 'India is likely to meet-or even exceed-this pledge based on its existing policy package and macroeconomic trends'. Hence with nearly 1,000,000 engineering graduates being produced in China and India alone every year, together with graduates from the United States, United Kingdom, Middle East, and across the world, this presents a significant resource to achieve significant reductions in greenhouse gas emissions. Further as a growing number of countries are setting ambitious reduction targets this presents an opportunity to rapidly and effectively renew global engineering curriculum to embed knowledge and skills required to reduce greenhouse gas emissions across all disciplines of engineering. This paper resents findings from research undertaken in Australia -involving 27 of the 32 universities offering engineering education -on how efforts to effectively embed sustainable development knowledge and skills into engineering education could be enhanced and accelerated.
RESEARCH PROBLEM
There have been a number of significant advances in technology over the last 300 years that have delivered a step change in the way industry and society has operated. Each so-called wave has resulted in the renewal of education programs to include associated knowledge and skills, as shown in Figure 1 .
Hence as the world focuses on responding to climate change, a key role of the education sector in the 21st century, and in particular engineering education, will be to provide society with graduates that can respond to the significant threat of climate change in a way that continues to strengthen economic development and social well-being. However the typical timeframe of as long as 20-30 years to completely embed associated knowledge and skills into programs and produce graduates able to contribute to society in this way will be too long and efforts need to be accelerated, 4 presenting a significant research problem. This is the first time in the history of higher education that the timeframe to update the content of programs needs to be accelerated across all institutions globally, and there is little precedent for such acceleration. 5 This paper summarises key research findings from over a decade of research on how to structure and accelerate efforts to embed sustainable development knowledge and skills into engineering education. Much of these findings are detailed in the book by the authors of the paper, 'Higher Education and Sustainable Development' 5 and are based on research, surveys, and workshops with engineering educators in Australia and around the world.
DISCUSSION
Investigating the level of coverage of key energy deficiency topics in engineering education The Australian 'National Framework for Energy Efficiency' (NFEE) commissioned a study of Australian Universities in 2007 led by the authors to investigate 'What is the state of engineering education for energy efficiency?' The findings of the survey suggested that energy efficiency education was 'highly variable' and largely 'ad hoc', and concluded that there is 'an urgent need to embed energy efficiency knowledge and skills into engineering curriculum, beyond once-off courses, special interest topics in later years, or highly specialised masters programs'. 6 In 2011 a follow-up survey was commissioned by the Australian Government Department of Resources, Energy and Tourism. 7 The intension of the 2011 survey was to undertake a longitudinal study to investigate associated trends during the 5-year period between surveys, and it received responses from 17 of 32 universities. Considering the findings the perceived level of coverage of a number of key topics related to energy efficiency has increased, such as the 'link between energy and greenhouse gas emissions' increasing in perceived coverage from 15% to 34% in detail and 18% to 37% having been mentioned, representing a combined increase from 33% to 71% in just 5 years, as shown in Table 1 .
Overall, since 2007 the survey findings suggest that there has been an increase in the perceived level of coverage of the key topics related to energy efficiency. However the average perception that an area was covered 'in-detail' in courses was just 16%, with the average perception that an area was Table 1 . Findings of a longitudinal study of Australian engineering educator's perception of the level of coverage of key energy efficiency content in current courses. 6, 7 In Detail Mentioned Total The link between energy and greenhouse gas emissions
The identification of energy efficiency opportunities 8% 22% 15% 58% 23% 80% 'mentioned' in courses some 38%. This suggests that some 60% of engineering education programs in Australia do not cover key topics related to energy efficiency. This presents a significant skills gap in the graduates abilities to respond to climate change, and presents an urgent challenge for engineering education, with engineering education programs around the world likely to need to make significant changes to programs to prepare graduates to assist society to respond to climate change.
Comparing level of importance and coverage of key energy efficiency topics in engineering education The 2011 survey also asked participants to indicate the level of perceived importance of each of key topics to compare to the perceived level of coverage, with the key findings listed below.
-Energy efficiency & low carbon technologies (fuels) (71% important and 57% not mentioned), -The ability to communicate the energy efficiency business case (71% important and 46% not mentioned), -Energy efficiency & low carbon technologies (renewable energy) (74% important and 46% not mentioned), -Energy generation, transmission and distribution losses (71% important and 43% not mentioned), and -Sustainable energy supply -energy storage (72% important and 41% not mentioned).
The findings suggest that even though the key topics investigated in the surveys have been identified by lecturers as being important there is a clear gap in the coverage of such content in the majority of programs/courses in Australia. This suggests that the process to undertake curriculum renewal is not currently resulting in increased coverage of the topics perceived to have high importance to engineering graduates. Hence this calls for a model to inform efforts to undertaken systematic and systemic curriculum renewal.
DEVELOPMENT OF CURRICULUM RENEWAL MODEL
The following part presents a the 'Deliberative and Dynamic Model for Curriculum Renewal' that has evolved from our exploration of literature, case studies, pilot trials, and a series of workshops with sustainability educators from around the world over the last decade. The term 'deliberative' is used to represent a process that is systemic and considers impacts across the entire program of study of the proposed curriculum renewal. The term 'dynamic' is used to represent the need for the curriculum renewal process to respond to industry, government and societal influences and be undertaken in a way that creates activity across the institution.
The most common form of curriculum renewal in universities around the world could perhaps be summarised as individual academics undertaking their own development and updating of courses in the absence of interaction with other colleagues, industry, or the wider university. There are several issues that we have observed with this process of curriculum renewal that have led us to develop and trial a broader approach: 7 -The process is ad-hoc: This type of curriculum renewal is based on the interests of the academic who is given primary responsibility for the subject, usually with a high level of autonomy. -The process is often champion-based: If the lecturer is no longer delivering the course the replacement may drop the areas they are not familiar with or cannot see the benefit of learning more about, typically topics related to environment and sustainability. -Potential for duplication and miss-matched content: In the case where individual courses are updated by champions there is often little communication with other courses in the program, which can lead to duplication and potentially misalignment. -Curriculum renewal can be confrontational and fatiguing: Without a strategic approach that appropriately involves key players internally and externally to support the process to integrate sustainability into programs the process of course by course, champion by champion, can be frustrating and fatiguing, leading to withdrawal of efforts.
With these issues for current curriculum processes in mind, as shown in Figure 2 and summarised in Table 2 , the deliberative and dynamic curriculum renewal process begins with a central curriculum renewal strategy, which then informs cycles of identifying graduate attributes, mapping learning pathways, auditing for learning outcomes, developing and updating courses, and implementing changes. These steps are undertaken in parallel with efforts to raise awareness and build capacity among staff, collaborate internally and externally with staff, students and the wider community, and to continually monitor and improve the process and curriculum itself. 7 Each of the elements is to some extent intuitive and may already be part of current practices in many universities. The value of the model is the holistic approach that brings efforts together in a consistent platform. Table 2 . Summary of elements in the model for deliberative and dynamic curriculum renewal. 7 
Element Description
Deliberative elements for curriculum renewal Curriculum renewal strategy
At the centre of the process a curriculum renewal strategy provides clarity and focus, potentially comprising program, department and institutional level aspirations, goals and milestones. Universities around the world are posed with the question of 'how far . . . and how fast . . . do we proceed to transition to education for sustainability?'. This is a particularly daunting consideration, given the size of the scope, the short time frame for action, and that there is little to no precedent or guidance. The manner in which these questions are answered will heavily influence the quality of the response by the institution, and not only have wide reaching budget and resourcing implications, but will also affect the level of risk and reward the institution achieves over time.
Identify graduate attributes
Early in the process, identifying desired graduate attributes at a program level ensures that the curriculum renewal strategy is directly translated into meaningful knowledge and skill sets for graduating students that respond to a range of demands and anticipated trends. Graduate attributes are gaining popularity as a tool to inform curriculum renewal efforts, and provide a tangible way for universities to communicate to potential students, industry, and accreditation bodies what programs seek to deliver. Developing graduate attributes requires creative facilitation and careful preparation to distil information from faculty that is constructive and relevant in a manner that creates active involvement in the process and buy-in to the results. This process may involve a comprehensive brainstorm of sustainability-related graduate attributes by faculty members, a grouping of these attributes into common and discipline-specific attributes, and a prioritisation the attributes.
Map learning pathways
Once graduate attributes are identified, mapping ideal learning pathways through a program provides an opportunity for an inclusive process to best present knowledge and skills to students as an integrated component of the program that can be easily tracked and opportunities for synergies identified. The process of mapping graduate attributes across programs involves discussions about how such attributes can be developed over several years of study across various existing units of study. The process involves identifying one or more areas of knowledge and/or skill that are required to develop the each of the attributes and
CONCLUSION
The manner in which engineering education institutions around the world respond to the need to renew curriculum to prepare graduates to contribute to sustainable development will have a massive impact on the World's ability to do so. It will be critical that a strategic and robust process is put in place that can harness existing strengths and overcome challenges in a manner that creates collaboration and buy-in from across the universities and from its associated industry and communities. The 'Deliberative and Dynamic Model for Curriculum Renewal' provides a framework for such action to support the engineering profession to continue to play its crucial role in society. This step involves a collaborative and non-confrontational process to systematically review existing courses in a program for the existence of knowledge and skills related to the preferred graduate attributes. Responding to the outcomes of the audit can deliver multiple benefits, not only in the development of the graduate attribute at the program level, but also to avoid re-inventing the wheel, missing key steps in developing an attribute, or missing key concepts altogether by thinking its covered elsewhere. Auditing the current program for existing content that delivers on the graduate attributes provides a key benchmark to inform the development of new materials. This helps in identifying priority action areas for curriculum renewal in the program. A key aspect of the process is then to take time to check that the knowledge and skills designed into the learning path deliver on the intended graduate attributes before going ahead and creating such material.
Develop & update curriculum
Following the previous steps developing and updating courses becomes a prioritised, informed, and creative process of designing a learning experience that targets particular graduate attributes assigned to specific courses, threaded through learning pathways. Unfortunately in higher education successfully embedding learning outcomes within courses is the exception rather than the rule. Not only do academics struggle with emerging topic areas and knowledge and skills implications for their courses, they also struggle with the process of curriculum renewal itself, requiring greater support and strategic direction. Four mechanisms to consider for overcoming barriers to developing and updating courses include harnessing existing resources, engaging in institutional collaboration, connecting with campus operations, and connecting with community projects.
Implement program
Courses are implemented with clear understanding about the roles of existing and new content, delivery methods, and assessment. Evaluation takes place with intentionality, focused on whether the course fulfils expectations in developing particular learning outcomes. However despite the best planning processes challenges are likely to arise that could threaten to derail the process. Through greater understanding of these it is possible to take actions that keep the process on track, with satisfied faculty, students, and key stakeholders. There are a number of financially attractive opportunities that can be harnessed during this step, including developing faculty strengths, catering for professional practitioners, sharing faculty and curriculum resources, and reaching out to schools and the community. Dynamic elements providing context for curriculum renewal Raise awareness & build capacity
Awareness raising (regarding the curriculum renewal process) and capacity building activities (regarding the ability to participate in the process) are key dynamic activities undertaken with internal and external stakeholders. This may include faculty, staff, students and employers, through activities such as keynote lectures, public addresses, lunchtime seminars, media articles, and promoting existing initiatives internally and externally. Collaborate internally & externally
Internal and external collaborations are encouraged, to inform the curriculum renewal process. External collaboration is critical to ensure the relevance of proposed changes to potential employers, current and future students, and current and future legislative and market environments. Internal collaboration is critical to assist in embedding the process into the program design process.
Continually monitor & evaluate
Monitoring and evaluation encourages continual improvement, within and between each of the steps, and in whole of program delivery. This includes evaluating whether the intentions of the curriculum renewal strategy are being met through the implemented course-level changes and ensuring the curriculum renewal strategy is being adhered to.
